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The Professional Doctorate for Engineering & Technology Professionals

Introduction
Given the escalating demands of our information age and the pervasiveness and multiplicity of new technologies it is no wonder that business and industry, and the USA's National Academy of Engineering, feels the need for appropriate education beyond the master's degree level 1 .
Furthermore, there seems to be significant call for more than the ubiquitous corporate professional development opportunities that address specific needed topics but in a rather nonsystematic programmatic manner. The authors view the forces leading to the need for a professional doctorate as depicted in the following illustration's converging arrows. The arrows in Figure 1 represent these forces converging on universities and on business and industry. The core of the figure depicts four primary aspects of advanced post-graduate (doctoral in this case)
education that need to be tailored to create a professional doctorate program responsive to the situation faced by contemporary business and industry. The fields of nursing, education, engineering, planning and development, public administration, business administration and music are among 33 professional doctorates available in the US 2 .
Zusman 3 identified that the emergence and growth of over 500 new professional doctorates since 1998 are due to increasing credential requirements and expectations for entry into the professions. With the university's land grant mission to not only be responsive to the needs of business and industry, but also to lead in providing for a constructive environment for these sectors to flourish, Purdue University's Polytechnic Institute, in concert with its ProSTAR arm, has launched an initiative to conceptualize and deliver a professional doctorate focusing on technology leadership and innovation.
The authors see the development of a professional doctorate as a critically important component of our nation's Next Generation Strategy for developing the technologically capable leaders so needed by our economy. The rise of this kind of doctoral degree is also reported by Maxwell 2 in (p.1)" Zusman continues with "with more than 10,000 degrees awarded just in 2011-12 and roughly 35,000-40,000 students enrolled. (p.1)" Doctoral degrees today are not what they used to be. As contrasted to today's conventional perception associating doctoral degrees, i.e., the PhD with high-end theory, Kot & Hendel 2 noted that after the emergence of the doctoral degree in the twelfth century it was a "qualification which permitted a scholar to become a full participating member of a guild 6 (p.2)". Thus, the first doctoral degrees had an explicit professional orientation. However, largely through the influence of Humboldt in Germany, the modern doctoral degree, i.e., the PhD, became an academic, research and theory based one. However, Kot & Hendel 2 pointed to a significant change in the aforementioned landscape since the mid-1950s:
The PhD tradition has been challenged and doctoral education has taken a new direction. In many countries, one of the trends in this respect has consisted in rethinking and improving PhD programs to make them more efficient. An even more significant trend in a number of countries has also consisted in creating new forms of doctoral degree programs, referred to as professional doctorates, applied doctorates, practitioner doctorates, or clinical doctorates in various disciplines. These programs have established themselves as alternative routes to the PhD. The degrees include, among others, the Doctor of Education (EdD), Doctor of Psychology (PsyD), Doctor of Engineering (EngD), Doctor of Music Art (DMA), Doctor of Dental Surgery (DDS), Doctor of Juridical Science (SJD), and Doctor of Public Health (DPH). The proliferation of professional doctorates has been remarkable in the USA, UK and Australia, and, in the last decade, it has begun to attract the attention of higher education scholars and researchers. (p.346)
What is a professional doctorate?
But first, what is a professional doctorate and how is it different than the other doctorates (PhDs) typically offered by research and doctoral-intensive flagship universities? Simply put, professional doctorates focus on in-depth, cutting edge technologies, innovation skills and the leadership and effective organization of teams and corporate units. Such programs seek to prepare advanced level practitioners for business and industry rather than basic researchers for the academy. The goal is enabling increased competitiveness, sustainability and socially responsible endeavor. Gill & Hoppe 7 describe it "as a terminal degree that is either intended to qualify an individual for a particular profession or to enhance the skills of an individual" (p.27).
From a study in England (Bourner et al. 37 ), one of the distinctions is that most professional doctorates "…have been designed to provide research-based career development for experienced and senior practitioners in the professions. Whereas the 'traditional' Doctor of Philosophy degree is intended to develop professional researchers, the professional doctorate is designed to develop researching professionals." (p.70-71) "The PhD is concerned with making a contribution to theory per se whereas the professional doctorate is concerned with making a research-based contribution to practice" (p.75).
Readers should note that the authors have deliberately excluded the range of executive degree programs from this paper's scope. Also excluded are distance programs targeting working professionals from specialized proprietary and other online universities such as the University of Phoenix, Walden University, Capella University and the like. Nor are we considering first professional degrees, such as the MD and JD, within the scope of this paper But, for the professional doctorates that are within the scope of this paper, we noted that in addition to cutting-edge content, such professional doctorates must necessarily employ and integrate a significant variety of performance learning technologies, self-directed learning and corporate support for experiential learning. These programs must directly address the myriad of challenges facing business and industry and they will need to operate at the pace of such enterprises. Instead of the typical research-focused dissertations such programs will conceptualize, research and plan for implementation of a field/practice based research and /or development project in any of the arenas of today's complex technology-based enterprises. Typically professional doctorates will advance a state of a technology or practice from one Technology Readiness Level to the next higher level. In essence they will engage in use-inspired research 17 .
Forces evidencing the need
As suggested by this paper's Figure 1 in the introduction, there are multiple forces compelling universities towards professional doctorates. Specifically for XXX University, as a nationally ranked land grant STEM-intensive institution, it is obligated, i.e., compelled, by its land grant mission to bring practical knowledge and capability to the constituencies it serves -and business and industries as well as individual people are the two most important constituencies! Furthermore, in the move towards a knowledge economy and for the foreseeable future, the importance of the need for advancing of technology, innovation and related entrepreneurship 18 and intrapreneurship was noted by Wessner 19 Taylor   21 compiled a list of forces encouraging the development of professional doctorates that includes:
• A goal of increasing the number of research students
• The strengthening of links to key constituencies/stakeholders
• Supplying the pipeline to selected professions
• Establishing a mark of prestige in areas of particular strength
• The collection of fees
• The opportunity to pursue doctoral study on a part time basis, i.e., while employed.
• Increasing the employability of graduates
The literature documenting the reasons for the rise of PDs was well summarized by Butcher & Sieminski's 22 three themes:
• A trend towards the "professionalisation of the doctorate as part of a wider examination of the nature and purposes of doctoral education" (p.62).
• Awareness of "the dissonance between the academy and professional practice" (p.62).
• "important difference between career aspirations" (p.62), particularly with respect to the nature of the research, development, process and product improvement activity such degree seekers see themselves as doing in their work after earning the degree.
One force is the quest for money on the part of universities. In essence, the hope is that professional doctoral programs would attract a currently untapped pool of students which would generate an income stream.
Industry has recognized the importance of their supply chain -we need to think of our nation's supply chain for technologically capable people -particularly at the high talent/highly innovative end of the spectrum. Sperling 23 , then director of the National Economic Council, pointed to the strengthening of skills, i.e., "investing in a skilled workforce" as one of the five pillars of a In summary, a widespread talent shortage was evidenced across the world: Taiwan, Germany, France, the United Kingdom, Canada and the USA all had such evidence.
Another propelling force is the employability, or rather a concern or sense that the employability of current doctoral graduates is less than optimum, has been claimed as one of the forces changing, and doing so with surprising rapidity, current doctoral programs 7 28 ), a problem exacerbated by the substantial differences in knowledge structures employed by the two groups that was observed by Gill 29 .
Yet another reason for the development of professional doctoral programs is based on the significant variety of reasons as to why any individual student might want to pursue a doctorate.
Furthermore the timing, with respect to their career development stage, of when such doctoral pursuit decisions are made is equally variable. Gill and Hoppe 7 have made a significant contribution with their analysis of these motivations and it is quoted in the Table 2 . 1999, that doctoral students "no longer form a homogeneous population" (p.725). Among the motivations were: renewal, personal satisfactions e.g., overcoming challenges, becoming exceptional, a differentiator from the MBAs, work demands, the flexibility of such programs, i.e., a
perceived difference from what some perceived as 'staid' PhD programs, the increased structure of the professional doctorate, increased potential for employment, promotion and/or enhanced income. Although such studies are interesting, it is important to note the authors' conclusion:
"We can say that biography is, and always will be, the crucial factor affecting perceptions and experiences" (p.732). Furthermore the authors also noted that typically not being univariate in nature in that multiple reasons coexist and converge to trigger the enrollment decision.
While certainly not an observed force propelling academe towards the offering of professional doctorates, the role of accrediting agencies, e.g., ABET and AACSB certainly have in influence, either real or perceived, on the nature of the programs that are involved. Gill and Hoppe 7 have documented the influence of the AACSB in relationship to professional doctorates in business. In the UK at least Taylor 21 , and for the USA the authors of this paper, all concluded that many of the universities implementing professional doctorates were larger, well established research universities with little danger of losing their credibility.
In summary, given the convergence of forces documented in this section, it is clear that there exists a rationale for adding a professional doctorate in technology to the array of programs serving our nation. But there is more to this call than just academic analysis and reasoning. The rationale is further supported by evidence collected by our university's outreach arm, YYYY, which has assembled a significant list of over 45 people who have expressed an interest in pursuing a professional doctorate such as outlined in the following sections.
Characteristics of Existing professional doctorate programs
Based on an extensive review of the literature, from Europe as well as the USA, this section of our paper highlights the salient characteristics of the existing professional doctorates and the fields in which they are found.
Currently, there exists no singular, widely accepted and formally approved definition of the professional doctorate (Kot & Hendel 2 ). These same authors state that "the definition…is ambiguous in three ways":
• First, the distinction between professional doctorates and first professional degrees is ambiguous. For instance, there is a debate on whether first professional degrees such as the 'Doctor of Medicine' should be classified as professional doctorate degrees.
• Second, the organization of professional doctorate programs raises issues. The debate here is whether professional doctorates should be offered only in professional fields.
• Third the coursework versus research components also raise questions (p.348).
Similarly, the Higher Learning Commission's task force 33 Because of this lack of formal definition, and probably due to the recency of their evolution, and the diversity of the fields, and consequently of the nature of actual practice in these field, professional doctoral programs are quite varied in terms of their requirements. To this point, the 1. at least two years of graduate residency; 2. completion of a program of study in one of the major professional fields of engineering 3. preparation in fields other than engineering as will provide broad support for the candidate's professional studies 4. passing of a qualifying examinations in the major professional field and in such supporting minor fields as the Department in each case designates. 5. Submitting an acceptable dissertation in a field of professional application, which must demonstrate, through comprehensive analysis or design, a grasp of economic or other feasibility factors, as well as a knowledge of the technical features of the problem with which it deals.
Apparently consistent with Berkeley, or perhaps vice versa, Maxwell 4 noted that professional doctorates in Western Europe are such that "scientists not only acquire specialised knowledge through their research but apply that knowledge in political, economic, social and cultural contexts" (p.279).
The US Government's IPEDS data system Integrated Postsecondary Education Data System 36 (IPEDS) classifies "Doctor's degree-professional practice" as follows: "A doctor's degree that is conferred upon completion of a program providing the knowledge and skills for the recognition, credential, or license required for professional practice. The degree is awarded after a period of study such that the total time to the degree, including both pre-professional and professional preparation, equals at least six full-time equivalent academic years."
Bourner et al. 37 has compiled a thorough analysis of the characteristics of the professional doctorate in England, at least up to the time of publication which, in their case was 2001. Kot & Hendel 2 condensed these characteristics effectively into the following:
(1) the PhD intends to develop 'professional researchers', whereas professional doctorates are designed to develop 'researching professionals'; (2) admission to professional doctorates, unlike PhD programs, is often subject to certain requirements, such as a master's degree in the field and significant professional experience, thus making the professional doctorate an 'in-service training'; (3) professional doctorates vary in terms of research outcome (e.g. a small-scale research project, portfolio or published articles). (p.348)
The paper presented here attempts to focus on developments more recent than that time. At UC Berkeley, for example, their website indicates that "The professional doctor's degree represents a mastery of the subject matter and techniques of a professional field to a stage of competence parallel to that required for the PhD. Although the work for the professional doctor's degree may extend the boundaries of knowledge in the field, it is directed primarily towards distinguished practical performance." [http://opa.berkeley.edu/difference-between-academic-and-professional-
Notably, while there seems to be some evidence of the convergence of ideas about the professional doctorate, the European Society for Engineering Education 38 (SEFI) expressed the position that professional doctorates in engineering should be flexible in nature. They indicated this with:
The doctoral degree program should not take the form of a formal curriculum. SEFI acknowledges the necessity of a continuous process of optimization of PhD projects, e.g. by offering integrated and structured PhD programs. Nonetheless, this must not turn them into educational programs. Any credit system should be used only in order to enhance the mobility of Doctoral candidates and the internationalisation of Doctoral Programs, but not lead to formal accreditation. It is the intrinsic the fundamental character of a PhD project that the related study and research environment remains within the autonomy of the universities (p.2).
One way of defining the characteristics of the professional doctorate is to compare and contrast them to those of a conventional PhD and two studies were found that did this thoroughly. Gill & Hoppe 7 presented their comparison of the two degrees in the Table 3 . A similar comparison was generated by Huisman & Naidoo 9 and is presented in Table 4 . Table 4 .
Characteristics of the PhD and the Professional Doctorate
Yet another approach to characterizing the differences between the PhD and the professional doctorate was published by Fink 39 who presented distinctions based on orientation, content, outcome and process dimensions. These are shown in Table 5 . 42 , is about "traditional 'truths' accumulated over time … universal, objective, disciplined, planned, tested and reliable findings" (Usher 43 Given the relative newness of the emergence of professional doctoral programs, it was to be expected that efforts would be made to establish the essential characteristics of such programs.
To this end, Maxwell 4 cited Seldon's 44 summary of features of the second generation PD as:
including: "(1) training in research and applied studies; (2) the portfolio; (3) a programme comprising seminars, meetings and conferences; and (4) assessment which required a global judgment to be made about the scope and quality of the award" (p.280). He then went on to report that the DTech at Deakin University (Australia) was:
designed to broaden and deepen the leadership, creativity and innovation in advanced professional practice, resulting in new knowledge and understanding of professional practice. While maintaining the required standards of a doctorate, the emphasis is upon complexity and integration (as opposed to specialisation and abstraction) and includes consideration of human and commercial concerns. It has an industry focus and aims to foster excellence in professional practice. An industry partner co-supervises in an award structure that is one-third coursework, which leads to a programme report, which is in turn used as the basis of the project (two-thirds). A project may be in the area of personal professional development, consolidating and advancing established professional expertise, or issues.
(p.280-281).
Similarly, In Australia, Neuman 26 reported that "it was envisaged that in professional doctorates the research activity would be applied, profession-or practice-oriented and not necessarily based within the university" (p.181).
According to Malfroy 45 professional doctorates "have been framed as research degrees that combine workplace and professional engagement with the scholarly rigour of the university" (p.64). She, however, argues with the Lee et al. model 46 ( Figure 2 ) in that the implicit equal thirds balance is not the key and instead posits that professional Practice and Change should be the dominant themes. Her model of the professional doctorate would be as shown in Figure 3 . The research is … necessarily applied research. The contribution to knowledge required is seen in the context of professional practice, and the professional doctorate is concerned to contribute to the development of professional practice, rather than to the advancement of purely theoretical knowledge. The complexity of the realities of professional practice require some specialisation, but preclude a narrow specialisation on a single discipline or methodology and entail an openness to the usefulness of a number of relevant, related disciplinary fields in an inclusive rather than exclusive study. Change a doctoral qualification with an explicitly professional orientation; generally requiring part-time independent study supported by blocks of taught components (for example research methodology) delivered at weekend residential schools. The doctorate in education (EdD) at the UK Open University (OU) provides a case study from which a positive response to the challenge emerges.
Beach 49 also, while using the terminology employed at the time, i.e., in referring to a degree as a PhD, actually foreshadowed what was to come in the development of professional doctorates when he envisioned a doctorate in technology with the characteristics as shown in Table 6 . Table 6 Program Requirements Model (quoted) for the PhD Degree in Technology 49 Willis et al. 50 • goals of preparing students for professional practice
• broader and more interdisciplinary content and skills (than PhD)
• program components are more integrated/linked
• involvement of more professionally practicing faculty
• use of more relevant field experiences
• a tendency to use portfolios as an exam alternative
• a shift in the balance of focus between academics and practice away from total dominance by the academy
• A higher proportion of part time student who pursue studies while maintaining a professional position with significant responsibility
• Students are typically somewhat older and more experienced
• Use of cohorts
• Somewhat shorter dissertations that are more focused on practice improvement than theory building Perhaps one of the best indicators that the concept of the professional doctorate is maturing can be seen in the fact that the UK's Quality Assurance Agency (QAA) 52 has developed a series of descriptors that serve well to highlight the outcomes of the professional doctorate 21 (p.75):
Doctorates are awarded to students who have demonstrated:
i. the creation and interpretation of new knowledge, through original research or other advanced scholarship, of a quality to satisfy peer review, extend the forefront of the discipline, and merit publication; ii. a systematic acquisition and understanding of a substantial body of knowledge which is at the forefront of an academic discipline or area of professional practice; iii. the general ability to conceptualise, design and implement a project for the generation of new knowledge, applications or understanding at the forefront of the discipline, and to adjust the project design in the light of unforeseen problems; iv. a detailed understanding of applicable techniques for research and advanced academic enquiry.
Typically, holders of the qualification will be able to:
-make informed judgements on complex issues in specialist fields, often in the absence of complete data, and be able to communicate their ideas and conclusions clearly and effectively to specialist and non-specialist audiences; -continue to undertake pure and/or applied research and development at an advanced level, contributing substantially to the development of new techniques, ideas or approaches;
and will have:
v. the qualities and transferable skills necessary for employment requiring the exercise of personal responsibility and largely autonomous initiative in complex and unpredictable situations, in professional or equivalent environments.
Proposed design for a professional doctorate
After careful consideration of the helpful experiences shared by colleague institutions with previously developed professional doctoral programs, the Purdue Polytechnic Institute faculty team embarked on building on such lessons and capitalizing on the Institute's inherent strengths.
Pursuant to such considerations the team evolved a design for a business-and industry-targeted professional doctorate where the culminating outcome is a research-based contribution to practice. This concept, admittedly a work-in-progress, is presented using nine subsections shown below to structure our description: Table 7 .
Blocked to Anonymize Access to business and industry information sources not typically available to university personnel Demonstrated flexibility in applying skills/knowledge to new, unusual, multifaceted situations in seeking optimal solutions Increased production and ownership or coownership of patents and other intellectual property Ability to conceptualize and conduct use inspired research and subsequently communicate its findings in both scholarly and applied manners Enhanced capability to generate and capitalize on ideas and commercialize them Expertise in identifying, accessing, and synthesizing quality information from national and international sources A reduction of the "ivory tower" perception of universities Development of a coherent set of understandings and capabilities with a cognate field of relevance to the candidate's major focus Increased recognition of the public, state, and national service provided by the institution Ability to reflect and extract meaning from experience and subsequently apply these learnings in professional practice Direct linkages with business, industry, government and NGOs that demonstrate continued commitment to the land grant mission and a reduction of the "ivory tower" perception of universities
Blocked to Anonymize
The overall intent of the proposed professional doctorate is represented in Figure 4 doctorate. With such a sense, and based on reviews of such program experiences as described by Bristol University 54 , the faculty team crafted the following vision for the audience to be served by our proposed professional doctorate:
• Technologists, engineers and related professionals with strong performance records and at least three years of significant experience with a strong desire to advance professional practice with research-based contributions.
• Typically candidates in mid-career stages and entering with a relevant Masters degree (or be prepared to earn one first in a 2+3 program).
• Candidates coming from STEM fields in business, industry, health or government environments
• National and international students would be served
• Students coming on their own volition as well as students seconded and/or funded by their employers are envisioned.
• While candidates pursuing the degree for personal reasons are eligible, it is anticipated that the majority will be enrolling for purposes of career building and advancement abroad. Such are in addition to the entrance requirement of at least three years of responsible work experience. Typically envisioned as a 3-6 credit hour block • A Dissertation or other product that demonstrates the ability to conceptualize, conduct and report use-inspired research 15 and development in a professional setting. Typically envisioned as earning 15-20 credit hour block • Note: the estimated credit requirements are in addition to a candidate entering with 30 credits from an applicable Masters degree. No specific amount of residency is required although the nature of some of the courses will require student presence on campus some of the time.
Once admitted, each student will craft an individualized plan of study by interacting with their co-advisors (a major professor and an business/industry mentor). Each plan will be subsequently reviewed and approved by a four person graduate committee consisting of the two co-advisors, a third faculty member selected from the professional doctorate faculty and a fourth faculty The overall concept of the envisioned program is presented in Figure 6 . This graphic portrays what the developers expect will be a typical timeline and it illustrates bands of activity, e.g., coursework, applied research, mentoring, assessment, professional contributions and professional practice strands of activity over the duration of the doctoral program.
Blocked to Anonymize Blocked to
Delivery mechanisms
Each student will begin with a standard set of foundation-building courses as seen in Figure 6 .
Concurrent with this experience, a pair of co-advisors (faculty and industry mentor) will work with the candidate to develop a professionally relevant, technology-focused plan of study, in congruence with the goals of the professional doctorate program, and based on the candidate's self-assessment of strengths, weaknesses, and desired growth directions. Additionally, the student will begin to plan for a dissertation project that is focused on an improvement of practice.
Each student will document the design of the dissertation project in a carefully crafted proposal that will reflect both academic and business/industry relevance, e.g., validity, ROI, etc. This proposal will subsequently be defended in front of a four-person committee where participation may occur in person or via distance using technologies such as video-conferencing. The coadvising team and the committee as a whole will co-direct the student's progress, plan of study, and their examination and dissertation. Students will be required to actively engage in these processes and be responsible for their own progress in accordance with committee mentorship and guidance. Regular progress reports will be expected from the students three times per semester.
It should be specifically noted, that our team envisions, as did the ESPRC 48 in England that professional doctoral students:
• "should be actively involved in the detailed planning and scheduling" of their plan of studies • "should take responsibility for organising meetings with both academic and industrial supervisors" • "keep their supervisors informed of any changes in their circumstances that might affect the completion of their training programme" • "keep a logbook of all their work, including attendance on taught courses, and the progress of project work, as evidence of their professional development and as a contribution towards professional accreditation of their training." (p.9)
Delivery of the program's course-based instruction will involve a combination of both oncampus and distance-delivered classes. Hybrid classes involving short periods of on-campus presence between longer periods of on-line work constitute a significant part of the envisioned program. Additionally, completely on-line courses, employing both asynchronous and synchronous activity, also form a part of the envisioned delivery mechanism. Program faculty are actively engaged in addressing the challenges of doctoral level distance education as highlighted by Butcher & Sieminski 22 . Mentoring, both by program faculty and by participating business and industry leaders, as well as peer mentors will be used to maximize learning.
Learning experiences
Both the coursework and the research components are expected to employ situated learning extensively. Class/cohort size will be deliberately diverse and kept small to maximize interaction. Case studies, simulations, exercises and real-world experiences will be systematically deployed across the curriculum. Extensive and varied reading, much of it from high quality periodicals and international resources will be required. To emulate the stringent time demands of contemporary enterprise, many of the assignments will employ similar rapid turn-around.
The use of mentorships has already been referred to in the preceding section of this paper, but there in terms of their support of planning functions. Mentoring will also be employed to help with actual learning, development of understandings, the guiding of informal learning, preparation for assessments, and of course, for the diagnosis of less than optimum performance.
Online and hybrid courses will employ advanced educational technologies such as simulations, remote laboratories, video-conferencing, cognitive engineering and adaptive assessment.
Aggregation and synthesis of learning will be fostered by having each student build a personal website (such as a wiki) compiling the knowledge, understandings, skills, and experiences developed pursuant to program participation and concurrent professional work. Products that students generate will also be incorporated so that it will serve as an e-portfolio documenting growth and enabling assessment of overall progress and professional development. This portfolio will be assessed, both formatively and summatively, by the student's entire committee instead of the usual "assessment by one professor" model employed by conventional grading.
Experiential components
Experiential components necessarily constitute a critically important aspect of our professional doctoral program. By experience, the authors refer to both pre-existing experiences of the student as well as those encountered during program participation and during the concurrent employment of the student.
The proposed doctorate envision a pair of co-advisors who will help their student first craft a plan of study and subsequently interact regularly and continue guiding the student's progression and learning through the program. Additionally, since no individual or pair of mentors will have the range to address every student need for guidance, we envision that the co-advisors/mentors will also help the student identify specialized mentors to help with specific mentoring and growth needs as they arise. Such additional mentors may be found in either the academy or the private sector, and they may even be peer students.
In alignment with the ambitions expressed by Schön 55 • Public communications
• Writing to influence policy, e.g., testimony and other advocacy efforts
• Creating training and educational materials
• Writing to develop collaboration with groups
• Grant proposals and reports
• Evaluation reports
Entirely different alternatives have also been proposed and employed. These include portfolios, including physical, paper and electronic forms, capstone experiences and reflective reports, and of course exams of one form or another. Iowa State University was reported to use the capstone experience and has documented procedures to this effect. NYU employs a portfolio for its program.
Our design team decided that it would be most appropriate to continue the use of a dissertation to evidence the high level of learnings required by a doctoral program. Furthermore, such a product would not immediately call into question a students achievement in earing the "professional Doctorate" because the product will be named and seen as analogous to what PhD's currently have to generate and defend. However, the nature of the dissertation can be changed since there are enough degrees of freedom within the academy to accomplish this. Our team therefore has adopted the concept of a dissertation that demonstrates use-inspired research 17 and development rooted in business, industry or government.
Willis et al. 50 produced a recent and extensive review and analysis of the range of practices regarding the dissertation and its equivalents as used in contemporary professional doctoral programs. The range of these includes practice-focused dissertations, capstone experiences and reports, portfolios. Clinical capstone experiences are widely used in medically related professional doctoral programs. These authors have illustrated the differences between traditional PhD dissertations and professional practice dissertations with the following: In doing so we have retained the proven value, as per the EPSRC good practice document 48 of the proposal defense, dissertation and ultimately final defense of the research product document, but we have enabled adaption of the substance of such projects to the contemporary needs of our professional doctoral students and the environments within which they practice their profession.
According to Willis et al. 50 professional practice dissertations introduce the opportunity for collaborative i.e., group based projects serving as the base for the dissertation. Furthermore, such dissertations are:
• "more likely to use traditional qualitative, alternative quantitative, and non-traditional research methods…" • "often PPD dissertations are more concerned with 'local' success than with finding universal laws…" • The format of PPD dissertations is more varied. Capstone experiences and reports, eportfolios, and article dissertations are common examples.
• "There is often more participation by professional practitioners than is typical of PhD dissertation committees" (p.39) Figure 9 . A model for a professional practice dissertation
Results
Process Roles
The authors view the inherent nature of the majority of professional practice dissertations to involve innovation, problem-solving, and or development activity situated in the professional context of the student's employment. Such development activity is often focused on moving a product or system to a higher Technology Readiness Level (TRL) or on enhancing the quality, sustainability, efficiency, or profitability of a product or process. We can imagine and hope that in the field of manufacturing for example, our professional doctoral students will be involved in one of the programs deployed by NIST 19 (shown in Figure 10 ) and our Purdue University's TAP (Technology Assistance Program).
Blocked to Anonymize Figure 10 . NIST programs to support manufacturing 19 (p.26).
Assessments
Because of the complex nature of the learning outcomes sought by faculty teaching in a professional doctorate program a wide variety of assessment mechanisms will be required. These will include both reflective and carefully documented self-assessments as well as faculty and employer driven assessments. An initial listing of such assessments includes: program incorporated other innovations beyond its delivery system, schedule and fee structure.
To be consistent with its goal of developing practical skills and knowledge immediately, or at least quickly, applicable to business and industry, its plan of study 57 The concept of shared involvement is central to ProSTAR operations and it will be extended to the professional doctorate. Student graduate committees are, as suggested by our experience and by others such as Willis et al. 50 , more inclusive and they perform the summative assessment of the student's work. Essentially this means a greater role and more authority for members of the profession targeted by the student. Also it calls for greater and earlier participation and proactive involvement of all members of the student's doctoral committee than what is typically the case with traditional PhD committees where the members' role is primarily an assessment after the fact role. The major professor/advisor shares power and work more than what is currently the case.
Student application and admission processes are facilitated by the ProSTAR team also but the final program admission decision remains with the program faculty and Purdue's Graduate School. At this time it is envisioned that the admission requirements will include:
• Professional experience • Earned MS in relevant field • Critical think/reasoning test score/GMAT/GRE • Goals paper (detailed, writing sample)
• Program faculty will base their admission decisions on a holistic consideration of all aspects of the applicant's admission package and make a judgment as to the candidate's intellectual capability, experience, and potential for advanced leadership positions in business and/or industry or government 54 . It is anticipated that, as in England, students will be currently employed, or self-funded individual applicants, and that the former may or may not come with a business/industry sponsored research project.
Summary
Clearly Purdue's Polytechnic Institute's initiative toward a professional doctorate is a work in progress. This paper serves both as a compilation of the thoughts of many colleagues in the USA and internationally, as well as presenting our team's synthesis. The need for the professional doctorate is driven by four forces: business and industry's need for in-depth and practice-focused professionals, universities' need for disciplinary leadership, the needs and capabilities of professionals, and the future and emerging needs of society at large. Our goal is to evolve a professional doctorate that addresses these four forces and that helps individuals seeking to advance their skills to become researching practitioners. The hope is that this paper may evoke thought and comment among others in academia, industry and government seeking to develop professionals with the in-depth knowledge and demonstrated ability to create theory-based improvements applied in practice areas.
The perception and acceptance of professional doctorates remains a concern. The evolving views of regional university accrediting commissions are being noted during the design and implementation of a professional doctorate. We are encouraged in this effort by observing that Kot & Hendel 2 , in the conclusion of their article, helpfully presented a set of insightful observations that included the conclusion that "Professional doctorates constitute a noticeably
Blocked to Anonymize strong trend in the USA, UK and Australia, and similar patterns of expansion have occurred in these three countries. (p.361)" But, it was also observed that:
Questions are raised concerning whether the expansion of these degree awards reflects the rapid growth of knowledge and the increasing market demand for professionals, or whether it is simply the result of degree inflation or mission creep (Bollag 59 2007; Dorsey 60 2006). Some critics argue that there is need for these degree programs, whereas others are concerned that the new degree programs will 'erode the integrity and primacy of the research doctorate in USA higher education' (Bollag 55 2007, 3) . Still others recognize the need for professional doctorates, but express concerns about the loose manner in which these programs are established. Kot Perhaps addressing the latter issue, among the points that remain to be clarified is the role of national discipline-oriented accrediting agencies such as ABET and ATMAE. But, that is a matter for the profession at large. This faulty team will be moving forward, working with a yet to be constituted advisory board of leading practitioners, and further refine and advance our approach to a professional doctorate in Technology.
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